Objective: No evidence of progression or active disease (NEPAD) is a novel combined endpoint defined by the absence of both progression and inflammatory disease activity in primary progressive multiple sclerosis (PPMS). In the placebo-controlled phase III ORATORIO study (NCT01194570), we investigated the effect of ocrelizumab on this comprehensive outcome and its components in a post-hoc analysis. Methods: The proportion of patients with NEPAD (no evidence of progression [NEP; no 12-week confirmed progression of ≥1/≥0.5 points on the Expanded Disability Status Scale if the baseline score was ≤5.5/>5.5 points, respectively; no 12-week confirmed progression of ≥20% on the Timed 25-Foot Walk test and 9-Hole Peg Test], no brain magnetic resonance imaging activity [no new/enlarging T2 lesions and no T1 gadolinium-enhancing lesions], and no protocoldefined relapse) from baseline to week 120 was determined in ocrelizumab-(600 mg; n = 465) and placebo-treated (n = 234) patients. Results: The majority of ORATORIO study patients with PPMS experienced clinical progression or evidence of disease activity. From baseline to week 120, 29.9% and 42.7% ocrelizumab-treated compared to 9. 4% Additional supporting information may be found online in the Supporting Information section at the end of the article.
Status Scale (EDSS) has limited ability to reliably capture change in functioning in a range of domains, notably ambulation speed and hand/arm function, which are major contributors to the overall disability burden in patients with progressive multiple sclerosis (MS) . No evidence of progression (NEP) is an endpoint that measures absence of disability progression beyond the limits of EDSS as a standalone, including upper limb function and ambulation speed. Maintaining NEP status (Fig 1) reflects stable clinically apparent disease with no worsening in three major measures of MS disability: EDSS, ambulation assessed by the Timed 25-Foot Walk (T25FW) test, and upper limb function assessed by the 9-Hole Peg Test (9HPT), although clinical and magnetic resonance imaging (MRI) measures of acute disease activity are not captured.
In PPMS, signs of acute disease activity, as defined by relapses, T1 gadolinium (Gd)-enhancing lesions, and new or enlarging T2 hyperintense lesions on brain MRI, are present but less frequent than in relapse-onset MS. 7 With "no evidence of progression or active disease" (NEPAD), we propose a novel endpoint that assesses the combined absence of three measures of disability progression (NEP) and clinical and MRI measures of active disease (Fig 1) . NEPAD may represent a more sensitive and comprehensive measure of disease control in patients with PPMS.
Ocrelizumab is a recombinant, humanized monoclonal antibody that selectively depletes CD20-expressing B cells, 8, 9 B lymphocytes being a significant contributor to the pathogenesis of MS. 10, 11 The randomized, doubleblind, placebo-controlled phase III trial, ORATORIO, evaluated the efficacy and safety of ocrelizumab in patients with PPMS and demonstrated superior efficacy of ocrelizumab on the primary endpoint, time-to-onset of 12-week confirmed disability progression (CDP), as measured by the EDSS. 12 Based on such results, ocrelizumab is the first disease-modifying therapy approved for PPMS. 13, 14 The objective of the current analyses was to assess the effect of ocrelizumab on NEP and NEPAD and their components, two novel, more comprehensive and sensitive outcome measures for patients with PPMS in the ORA-TORIO trial.
Patients and Methods
Trial Design and Patients ORATORIO was a phase III, randomized, placebo-controlled, double-blind, multicenter trial (NCT01194570); details have been reported previously. 12 Key eligibility criteria included age of 18 to 55 years, diagnosis of PPMS (2005 revised McDonald criteria), 15 and an EDSS score of 3.0 to 6.5 at screening. All patients were required to have a documented history, or the presence at screening, of an elevated immunoglobulin G (IgG) index or at least one IgG oligoclonal band detected in the cerebrospinal fluid, and no history of previous clinical relapse. Patients (n = 732) were randomized (2:1) to receive either ocrelizumab 600mg by intravenous (IV) infusion every 24 weeks or placebo every 24 weeks for ≥ 120 weeks. 12 Randomization was stratified by region (USA versus rest of world [ROW] ) and age (≤45 versus > 45 years).
Clinical and MRI Endpoints
Prespecified Outcome Measures. CDP was defined as a ≥1-point increase in EDSS score from a baseline EDSS score ≤5.5, or a 0.5-point increase in EDSS score from a baseline EDSS score >5.5, sustained for at least 12 weeks. 12 Protocol-defined relapses were new or worsening neurological symptoms attributable to MS that lasted longer than 24 hours; were preceded by neurological stability for at least 30 days; and were accompanied by worsening on examination reflected as ≥0.5-step increase from previous EDSS score or ≥2-point increase in one qualifying Functional Systems Score (FSS), or 1-point increase in two or more qualifying FSSs. 12 Brain MRI was performed at baseline and weeks 24, 48, and 120; new or enlarging T2 lesions and/or T1 Gd-enhancing lesions on any postbaseline scan were considered evidence of MRI disease activity.
NEP and NEPAD NEP status was defined as the absence of 12-week confirmed clinical progression, as measured by: no 12-week CDP on EDSS, no 12-week confirmed ≥ 20% progression Evidence of Progression defined as: no 12-week CDP, as measured by the EDSS; no evidence of 12-week confirmed ≥ 20% progression on hand/arm function as measured by 9HPT; no evidence of 12-week confirmed ≥ 20% progression on ambulation as measured by the T25FW test. 9HPT = 9-Hole Peg Test; CDP = confirmed disability progression; EDSS = Expanded Disability Status Scale; Gd + = gadolinium-enhancing; MRI = magnetic resonance imaging; NEPAD = no evidence of progression or active disease; T25FW = Timed 25-Foot Walk.
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on hand/arm function as measured by the 9HPT, and no 12-week confirmed ≥ 20% progression on ambulation as measured by the T25FW test. The 20% cutoff for progression on the T25FW test and the 9HPT has previously been shown to be a clinically meaningful magnitude of disease progression. 16 NEPAD was defined as: NEP, no brain MRI-measured disease activity (no new or enlarging T2 lesions and no T1 Gd-enhancing lesions), and no protocoldefined relapses (NEP and NEPAD summarized in Fig 1) . The schedule of MRI scans and the assessment of disability measures, including EDSS score, T25FW, and 9HPT, are shown in Figure 2 .
Statistical Analyses
The exploratory post-hoc analysis of the proportion of patients with NEP and NEPAD encompassed the period from baseline to week 120, which represents the minimum duration of the double-blind phase for individual patients in the event-driven ORATORIO study. The NEP analysis population (230 placebo-and 461 ocrelizumab-treated patients), hereafter termed modified intention-to-treat (mITT)-NEP population, was the ITT population excluding patients with missing baseline score for EDSS, T25FW, or 9HPT, or withdrawn for reasons other than lack of efficacy or death preceding the week 120 visit without evidence of progression (EP) before withdrawal (n = 41). Applying the same exclusion criteria, 234 placebo-and 465 ocrelizumab-treated patients were evaluable from baseline to week 120 (excluded patients, n = 33) in the mITT-NEPAD analysis population. Patients withdrawn from treatment preceding the week 120 visit because of lack of efficacy or death were imputed as having EP or evidence of progression or active disease (EPAD), in respective analysis of NEP and NEPAD. Sensitivity analyses were also conducted in the ITT population where patients excluded from the mITT-NEPAD population were imputed as having NEPAD ("best outcome scenario") or EPAD ("worst outcome scenario"). Based on previous evidence that sex may influence the rate of progression in PPMS, 2 an additional exploratory subgroup analysis of NEPAD by sex was also conducted. NEP and NEPAD data are presented using a Venn diagram surface-proportional representation. NEP, NEPAD, and the respective components were compared in patients treated with ocrelizumab with those receiving placebo using the Cochran-Mantel-Haenszel test stratified by age (≤45 versus > 45 years) and region (USA versus ROW).
Results

Baseline Demographics and Disease Characteristics
All major baseline demographics and characteristics were balanced between treatment groups in the mITT-NEPAD and mITT-NEP analysis populations (Supplementary  Table S1 ). When patients were categorized by EP/NEP or EPAD/NEPAD status over 120 weeks, baseline demographics and disease characteristics were similar. However, compared to patients with EP or EPAD, patients who maintained NEP or NEPAD over 120 weeks had lower T2 lesion volume and EDSS score at baseline and slightly better baseline functional performance as assessed by the Tables S2 and S3 ). In addition, patients who maintained NEPAD also had a lower number of T1 Gd-enhancing lesions at baseline compared to patients with EPAD (Supplementary Table S3 ). Fig 3) . 17 This was also reflected in superiority of ocrelizumab compared to placebo across the individual components of NEP from baseline to week 120 (no confirmed ≥ 20% progression on T25FW, p = 0.002; no confirmed ≥ 20% progression on 9HPT, p = 0.001), although significance was not reached for CDP on EDSS (p = 0.14; the lower effect size and lack of significance compared to ORATORIO primary endpoint 12 may be explained by differences in the analysis population, statistical methods used, and exposure duration, ie, NEP assessment ends at week 120 whereas the primary endpoint was a time-to-event analysis based on the totality of the event-driven study duration). In addition, compared to placebo, ocrelizumab increased the proportion of patients with no progression on all pairwise combinations of NEP components assessed: no 12-week confirmed progression on EDSS and no 12-week confirmed ≥ 20% progression on T25FW (p < 0.001); no 12-week confirmed progression on EDSS and no 12-week confirmed ≥ 20% progression on 9HPT (p = 0.050), and no 12-week confirmed ≥ 20% progression on T25FW and on 9HPT (p = 0.002; Table 2 ). Fig 4) . This was reflected in numerical superiority across all the individual components of NEPAD with ocrelizumab compared to placebo from baseline to week 120, where ocrelizumab increased the proportion of patients with NEP, no MRI-measured disease activity, including no new or enlarging T2 lesions and no T1 Gdenhancing lesions, and no protocol-defined relapse (Table 1) . Ocrelizumab also significantly increased the proportion of patients with pairwise components of NEPAD at week 120 compared to placebo: NEP and no MRI-measured disease activity; NEP and no protocoldefined relapse; and no protocol-defined relapse and no MRI-measured disease activity compared to placebo (Table 2) . Sensitivity analyses performed in the ITT population (excluding 1 patient with missing baseline EDSS, following the approach originally used in the primary endpoint analysis), 12 with imputation for patients who withdrew early for reasons other than "lack of efficacy" or "death" and who had NEPAD at time of study treatment discontinuation, were consistent with the main results (Supplementary Table S4 ). This was true both for NEPAD imputation of early discontinuers ("best outcome scenario": ocrelizumab 33.5% versus placebo 13.1%; Table S5 ) as was an analysis of NEPAD using an alternative time-to-event Kaplan-Meier approach over the totality of ORATORIO study duration (Fig 5; Supplementary Table S6) .
Proportions of Patients With NEP
Exploratory analyses of NEPAD by sex were also consistent with the primary results. Compared to placebo, ocrelizumab significantly increased the proportion of patients with NEPAD for both male and female patients (male, p < 0.001; female, p < 0.001; Table 1 ). This was reflected in numerical superiority across all the individual components of NEPAD in male and female patients with ocrelizumab compared to placebo from baseline to week 120, except for no 12-week confirmed progression on EDSS where proportions were similar in both groups for female patients (Table 1 ). In addition, there was no evidence for the heterogeneity of the treatment effect in relation to sex (p > 0.5 for the treatment-by-sex interaction in logistic regression models for NEPAD and its three components with adjustments for age, region, disease duration, baseline values of the T25FW test and 9HPT, and presence of T1 Gd-enhancing lesions at baseline). Further exploratory subgroup analyses were performed by age at study baseline. Proportions of patients with NEPAD from baseline to week 120 were significantly higher in ocrelizumab-treated patients compared to the placebo group, both in younger patients (age at study baseline ≤45 years): ocrelizumab 28 Table S7 ). There was no statistical evidence for a treatment effect heterogeneity on NEPAD combined outcome (p = 0.18 for the treatment-by-age group interaction in the model as described above).
Discussion
In this post-hoc analysis of the phase III ORATORIO study, ocrelizumab increased the proportion of patients with PPMS maintaining NEP and NEPAD status compared to placebo, which is consistent with ocrelizumab efficacy on the primary and secondary endpoints in this trial. 12 NEP may represent a more comprehensive clinical trial outcome for patients with PPMS, given that the Venn diagram representation of NEP components illustrates that the three outcome measures capture substantial nonoverlapping domains of MS disability burden. In the placebo arm of ORATORIO, more than half of patients with PPMS who had no confirmed disability progression, FIGURE 4: Proportion of patients with NEPAD from baseline to week 120 in ORATORIO. Exploratory analysis; the relative risk and p value are from a Cochran-Mantel-Haenszel test stratified by age (≤45 vs > 45 years) and region (USA vs rest of world). NEPAD analysis population is a modified ITT population. Patients who discontinued treatment early with at least one event before discontinuation were considered as having EPAD. Patients with no reported event before early discontinuation were considered as having EPAD if the reason for early treatment discontinuation was reported to be lack of efficacy or death; otherwise, they were excluded from the analysis. In this approximately surface-proportional Venn diagram representation, the sector including two ocrelizumab patients with protocol-defined relapse but with no MRI activity and NEP cannot be displayed. Relative risk for ocrelizumab vs placebo. CI = confidence interval; EPAD = evidence of progression or active disease; Gd + = gadolinium-enhancing; ITT = intention-to-treat; MRI = magnetic resonance imaging; NEP = no evidence of progression; NEPAD = no evidence of progression or active disease.
October 2018 531 as measured by EDSS, experienced confirmed worsening in ambulation when measured by the T25FW test. Similarly, a sizeable proportion of patients who had no confirmed progression on EDSS, worsened on hand/arm function, as assessed by 9HPT. Treatment with ocrelizumab increased the proportion of patients with NEP at 120 weeks by 47% compared to placebo. A consolidated demonstration of absence of worsening in ambulation using the T25FW test in those patients who might have a stable EDSS may be of utmost importance, given that walking impairment negatively impacts employment status, the ability to perform activities of daily living, and health-related quality of life of patients with MS. 18, 19 Furthermore, maintenance of walking ability has been reported by patients with MS as the most highly valued bodily function. 20 In addition, given the asynchronous disease course in progressive MS, 21 Relative risk for ocrelizumab versus placebo. a Minor differences in NEP component numbers (when NEP was herein analyzed in the mITT-NEPAD population) compared to those presented in Figure 3 (mITT-NEP population) originate from the differences between mITT-NEP and mITT-NEPAD population sample size, as outlined in Supplementary Table S1 . 9HPT = 9-Hole Peg Test; CI = confidence interval; EDSS = Expanded Disability Status Scale; Gd = gadolinium; mITT = modified intention-totreat; MRI = magnetic resonance imaging; NEP = no evidence of progression; NEPAD = no evidence of progression or active disease; T25FW = Timed 25-Foot Walk.
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pragmatic goal in the management of patients with PPMS in clinical practice. NEPAD is an extension of NEP incorporating relapses, new or enlarging T2 lesions, and T1 Gdenhancing lesions, which are the inflammatory disease activity descriptors of progressive MS phenotypes. 22 On this composite outcome that includes all descriptors of progressive disease as per the Lublin et al (2014) revised consensus on MS disease course definitions, 22 the proportion of patients with NEPAD was 3-fold higher with ocrelizumab compared to placebo. Sensitivity analyses with opposite imputation of missing data confirmed the robustness of the primary findings. NEPAD can also be viewed as an extension of NEDA (no evidence of disease activity), 23 integrating aspects of disability burden (hand/ arm function and ambulation impairment), which are important aspects of the clinical course of progressive MS. 22 Notwithstanding this integration of two additional clinical components, the relative importance of MRI activity components remains dominant in the determination of NEPAD outcome as commonly observed for NEDA analyses [24] [25] [26] in patients with relapsing multiple sclerosis (RMS). Although NEDA is increasingly seen as a treatment goal, and some long-term data support the prognostic value of NEDA for predicting future disability progression in patients with RMS with high efficacy therapies, [24] [25] [26] similar analyses are warranted to investigate the prognostic utility of NEPAD in progressive MS populations. In particular, the added value of MRI components of NEPAD for predicting long-term outcomes remains unknown in patients with PPMS. Similar proportions of male and female patients with PPMS maintained NEPAD status with significantly greater proportions in the ocrelizumab-treated group compared to placebo within each sex subgroup. Except for 12-week confirmed disability progression on EDSS, a numerical superiority favoring ocrelizumab was observed across all individual components of NEP and NEPAD to a similar extent in male and female patients. When patients were analyzed in subgroups by age at study baseline, significantly greater proportions of patients with NEPAD were observed in the ocrelizumab-treated group compared to placebo within each age subgroup. The higher effect of ocrelizumab on NEPAD outcome noted in younger patients appeared to reflect, in part, age-related differences in the behavior of the placebo group.
PPMS patients with NEP or NEPAD versus those with evidence of progression or active disease did not Relative risk for ocrelizumab versus placebo. 9HPT = 9-Hole Peg Test; CI = confidence interval; EDSS = Expanded Disability Status Scale; mITT = modified intention-to-treat; MRI = magnetic resonance imaging; NEP = no evidence of progression; NEPAD = no evidence of progression or active disease; T25FW = Timed 25-Foot Walk.
October 2018 533 differ in age, MS disease duration, or normalized brain volume at baseline, whereas patients with NEP or NEPAD had a lower total lesion burden and disability at baseline. Whether such imbalances may reflect objective differences between those baseline covariates as potential prognostic factors for NEP/NEPAD in patients with PPMS remains to be explored.
In conclusion, ocrelizumab increased the proportion of patients with PPMS with no evidence of progression and no clinical and subclinical disease activity compared to placebo. As such, NEPAD may represent a meaningful and comprehensive disease outcome in patients with PPMS. Keeping in mind that this analysis was post hoc and not adjusted for multiplicity testing, further validation of the clinical utility of NEPAD beyond the ORA-TORIO results should be sought by similar analyses in other primary and secondary progressive MS study populations. In RMS, NEPAD status was recently evaluated in the pooled OPERA I and OPERA II studies, with similar findings favoring ocrelizumab compared to interferon beta-1a. 27 NEPAD represents the first incremental step of adaptation of NEDA to more comprehensively capture the different facets of progression. It is a reasonable assumption that in the specific intent of ascertaining the complete absence/remission of any measurable "signs of disease activity/progression," the NEPAD combined endpoint may outperform any of its individual components. Subsequent evolution of the NEPAD measure may include the integration of cognitive and visual performance outcomes such as the symbol-digit modalities test or low-contrast letter acuity, respectively. Chronic T2 lesions with evolving T1 hypointensity may also be considered as a readout for permanent tissue damage accumulation, as well as whole-brain volume loss, where more research is needed to discriminate pathological atrophy from normal aging or noise of the measurement, and determine personalized thresholds of annualized rates of brain volume change. [28] [29] [30] FIGURE 5: Kaplan-Meier analysis of time to evidence of progression or active disease in the ITT population during the doubleblind controlled period in ORATORIO. Patients are considered as failing NEPAD if one of the following events occurred: protocol-defined relapse, 12-week CDP, 12-week confirmed progression on T25FW or 9HPT, or MRI activity. Hazard ratio estimates are obtained from a Cox model stratified by region (ROW; US) and including age, disease duration from onset, baseline EDSS score, baseline T25FW, and baseline 9HPT. p value is from a log-rank test stratified by region (ROW; US), age (>45; ≤ 45 years), and baseline EDSS score category (<4; ≥ 4). 9HPT = 9-Hole Peg Test; CDP = confirmed disability progression; CI = confidence internal; EDSS = Expanded Disability Status Scale; ITT = intention-to-treat; MRI = magnetic resonance imaging; NEPAD = no evidence of progression or active disease; ROW = rest of world; T25FW = Timed 25-Foot Walk.
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Future analyses, including data from the open-label extension of the ORATORIO study and real-world evidence, will determine whether NEPAD maintained throughout 120 weeks will translate into sustained NEPAD and enhanced protection against accrual of disability in patients with PPMS over the long term.
